Introduction
Paraquat, active ingredient of nonselective con tact herbicide preparations, is a well known photo synthesis inhibiting bipyridile com pound. The first and characteristic effect of the bipyridylium herbi cides is the disorganization of membranes. The membrane destructing effect is based on the ability of these com pounds to accept electrons from pho tosystem I (PS I), to produce radicals and in com plex series of reactions to generate reactive oxygen species as superoxide anion radical, hydroxyl radi cal, singlet oxygen and hydrogen peroxide. Super oxide and hydroxyl radical can directly damage membrane lipids. The am ount of hydroxyl radicals in light exposed paraquat treated plants is ex tremely high and is quite sufficient to explain the rapid ceasing of top growth in treated plants [1] .
The occurrence of paraquat resistance is well known among weeds. Up to now paraquat resist ant populations of more than ten weed species has been detected [2] . The mechanism o f resistance has been explained by several hypotheses. However, only two of them are supported by convincing ex perimental evidences. By the one the resistance is based on the enhanced activities or levels of pro tective antioxidant enzymes, as superoxide-dismutase, ascorbate-peroxidase, glutathione-reductase and dehydroascorbate-reductase, which en zymes in series all together are able to detoxify the various reactive oxygen forms generated by para quat [3] , An other explanation may be that the re sistance is due to the rapid sequestration of para quat on inactive sites outside the chloroplast [4] , or outside the leaf [5] . It is probable, however, that the high levels of the antioxidant enzymes protect resistant plants during the period necessary for the chemical or enzymatical degradation and/or se questration of paraquat by some protective proc esses active after paraquat treatm ent only in the leaves of resistant biotype [6, 7] .
We have found a transitory sensitivity to para quat followed by a rapid recovery of the photosyn thetic activity in resistant plants [8] . Induced syn thesis o f paraquat inactivating enzyme(s) or bind ing protein(s) or other quicker repair mechanism can be supposed to occur, as increased activity of protective enzymes superoxide-dismutase, ascorbate-peroxidase, catalase and higher level o f re duced glutathione in the total cell extracts could not be detected [9] .
Although the m em brane disorganizing effect of paraquat is well docum ented only very few de tailed analysis on the m em brane lipid content changes due to p araquat treatm ent has been re ported [10] . Little is known about the effect of paraquat on the molecular organization o f thyla koid membranes in sensitive and paraquat resist ant plants (see e.g. Ref. [11] ).
A com parative analysis of the photosynthetic capacities, molecular com position of chloroplast thylakoid membranes in sensitive and atrazine/ paraquat coresistant biotypes o f Conyza canaden sis before and after p araquat (Gram oxone) treat ment is given in the present paper in order to char acterize differences accompanying resistance.
M aterials and Methods

Plant m aterial
Seeds o f susceptible and resistant horseweed (Conyza canadensis (L.) Cronq.) plants were col lected from vineyards near Kecskemet. Plants were grown in soil under laboratory conditions (illumi nation 130 (iE m~2 s PA R (photosynthetically active radiation), 16 h light/8 h dark period, 2 2 -2 5 °C for 3 -4 months. Then the plants in soil containers were transferred to field conditions. A bout 6-m onths-old plants -between the rosette and flowering stage -were used in the experi ments. The resistant plants used in these experi ments showed a high atrazine resistance, too.
Paraquat treatm ent
Intact C onyza plants were sprayed with com mercial form ulated paraquat (Gram oxone, 25% paraquat) solution. P araquat concentration o f the spraying solution was 5 x 10"4 m . The treatment was carried out on m oderate light.
Fluorescence induction measurements
Leaf samples (discs of 10 mm in diameter) were taken at different times after spraying to follow ki netics o f paraquat effect. Fluorescence induction curves were measured by a newly developed appa ratus (M ikrolabor Ltd., Szeged, Hungary) as de scribed earlier [8] . The quantum flux density on the surface of sample was 185 |iE m -2 s"1. Acquisition and storage o f 20 points from 0 to 2 ms (100 (is sampling intervals) ensures a clear resolution o f F0. The characteristic fluorescence param eters de rived from the original induction curves are means of 12 independent determinations.
CO 2 fixation
The rate of photosynthetic C 0 2 fixation was de termined according to [12] by placing the leaves in atmosphere containing 14C 0 2 in a closed glass chamber. The leaves were illuminated with white light of 10 W m "2 intensity for 2 min. Discs 5 mm in diameter were cut from the leaves, dried and placed in scintillation vials. The radioactivity of the samples was determined by liquid scintillation technique (Beckmann LS 5000 TD). 4 0 -5 0 discs from different treated leaves were used for each experiment.
Chlor ophyll-proteins ( C P-s) and thylakoid proteins
Chloroplasts and thylakoid membranes were isolated according to [13] . Thylakoids were solu bilized and their CP-s were separated as in [14] ex cept that dodecyl-maltoside (D D M ) was used for solubilization (D D M /C hl ratio was 10) and gels were pre-electrophoresed with 3 m A /tube for 20 min. The Chi alb ratios and relative proportion of CP-s were estimated from densitograms meas ured with a Perkin-Elmer 554 spectrophotom eter equipped with a gel scanner at 653 and 672 nm [15] .
For fluorescence measurements chloroplasts were resuspended (5 jxg Chl/ml) in 10 m M TricineNaOH buffer (pH 7.8) containing 10 m M NaCl and 50 m M sorbitol. Samples were incubated for 15 min at room tem perature with or without 10 m M MgCl2, then fluorescence spectra were measured at 77 K with a Perkin Elmer M PF 44 B spectrofluorometer. Areas under short and long wavelength bands were measured and normalized for the long wavelength fluorescence. Mg2+ in-duced increase was calculated in % , the norm al ized F 680 o f samples without M g2+ was consid ered as 100%.
Polypeptides were separated by the discontin uous polyacrylamide gel electrophoresis (PAGE) system by [16] using, however, 10-18% gradient gels. M em branes were solubilized for 0 .5 -1 h at room tem perature. Gel slices containing CP-s were embedded in hot 0.5% agarose in stacking gel buf fer. Gels were stained with Coomassie Brillant Blue according to [17] .
Fatty acid analysis
Lipids were extracted from the leaf discs with chloroform /m ethanol 2:1 (v/v) by the procedure of Folch et al. [18] . F atty acid methylesters were prepared from aliquots of total lipids (containing 17:0 as internal standard) by esterification in the presence o f 5% HC1 in m ethanol at 80 °C in am poules sealed under C 0 2 and quantitatively deter mined by gas-liquid chrom atography with a JEOL JGS 1100 instrum ent. Lipid analysis were per formed in a replicated experiment on three sepa rate paraquat treatments.
Results and Discussion
Floating of leaves on the herbicide solutions is a conventional m ethod for investigation o f herbicidal effects. However, spraying o f the weeds with herbicide solution is the most usual practice in the agriculture. U nder laboratory conditions the re sults achieved by G ram oxone (25% paraquat) treatm ent were markedly different depending on whether spraying or floating of the leaves was em ployed. In paraquat resistant Conyza canadensis treated with 5 x 10"4 m paraquat the transitory in hibition o f photosynthesis measured as fluores cence induction kinetics was detected only in sprayed plants [8] , but not in floated ones. There fore spraying was used in the following experi ments. 4 h after spraying with G ram oxone the sensitive plants were heavily damaged, strongly wiltered or dried. Similar symptoms could not be observed on resistant plants.
Changes of in vivo photosynthetic C 0 2 fixation and Rfd values of sensitive and resistant horseweed leaves sprayed with Gram oxone are shown on Fig. 1 . Rfd value (called vitality index) -i.e. the ratio of fluorescence decrease to the steady state fluorescence [(Fmax-F s)/F s] -is considered to be an indicator for the potential photosynthetic activity of a leaf [19] and is extensively used in the ecophysiology [20, 21] and in other studies, using chlorophyll fluorescence induction for characteri zation of photosynthetic activity [22] . After a tran sitory inhibition the C 0 2 fixation and Rfd values of resistant plants showed a recovery effect. Pho tosynthetic 0 2 evolution m easurements showed the same time course [23] . However, the functional activity of the sensitive plants was irreversibly damaged 4 h after the spraying.
Gramoxone treatm ent did not change the ultra structure o f chloroplasts of sensitive and resistant plants (not shown).
Lipids present in the chloroplasts contain a high percentage of polyunsaturated fatty acids and are very susceptible to peroxidation. The stimulatory effect of paraquat on lipid peroxidation is well known [24] , Floating the leaves on 5 x 10"4 m para quat solution resulted in a decrease o f linolenic acid content and an increase in the level o f palmitic and linolic acid in total fatty acids of chloroplasts isolated from sensitive Conyza canadensis plants, while in resistant plants these effects were not ob served [25] , There was no clear indication for fatty acid peroxidation in total lipid extract o f sprayed sensitive or resistant plants (Table I ). These results show that 4 h time period after spraying of sensi tive plants is probably not long enough to cause detectable changes in the fatty acid com position of total leaf extract. In the leaves o f the resistant bio type treated by p araquat the toxic effects did not develop even 24 h after spraying. The investigation o f chlorophyll proteins show ed that the nature o f CP bands -their chlorophyll afb ratio and polypeptide pattern -was the same in sensitive and resistant plants and it did not change following the treatm ent (data not shown). Even their proportion was constant in untreated and treated plants (Table II) .
Com paring sensitive and resistant plants, resist ant thylakoids contained -on a chlorophyll basis -relative lower am ount of PS I chlorophyll pro teins (CP 1 and CP 1 a), lower amount of the 70 kD a apoprotein (Fig. 2) and showed a less in- tensive 730 nm fluorescence compared with sensi tive ones. This may be the cause of the lower pho tosynthetic activity and lower vitality index of un treated resistant plants (Fig. 1) . The same initial sensitivity o f resistant plants to paraquat (see the slope o f curves on Fig. 1 ) excludes the possibility that the lowered am ount of PS I would be the cause of resistance. Indeed, in absolute terms (Table II , numbers in brackets) resistant plants contained the same am ount of PS I and an in creased am ount of PS II and its antenna (CPa + LHCP 1 -3). Therefore resistant plants seems to adapt to atrazine and/or paraquat compensating their decreased photosynthetic efficiency by in creasing the am ount of PS II and its antenna. P araquat alone may also affect the activity of PS II, the most sensitive part of the electron trans port chain probably via the generated toxic oxygen forms. Toxic oxygen species seems to contribute to the degradation process o f D 1 protein [26] . Oligomeric form of LHCP (LH CP0) was low ered in sensitive but not in resistant plants follow ing the paraquat treatm ent (Table III) . Its decrease was in good correlation with the decrease in phos phatidyl glycerol (PG) and A3-fr-a«5-hexadecanoic acid (16:1) content o f leaves. This is in agreement with the current view that A3-rrans-hexadecanoic acid is a stabilizing factor of LH C Pc [27] [28] [29] [30] but a prim ary effect o f paraquat treatm ent on protein conform ation cannot be excluded. PG may play a role in the core complex building and/or function, too [31] .
The showed changes in the state o f light-harvesting complex of PS II or those o f the lipid com position (Table III) in consequence o f paraquat treatment may disturbe the light-gathering process in PS II and thus may lower the photosynthetic en ergy transform ation processes. Indeed, the Mg2+-induced increase in the short wavelength part of the fluorescence spectra -i.e. the increase of the PS II antenna size by a tighter association of LHCP II to the reaction core -is lowered due to the paraquat treatment o f the sensitive plants (Table III) . This well matches with an about 1.5-2 times increase of the relative quantum requirement values in sensitive chloroplasts after paraquat treatment calculated from the light intensity curves of D CPIP reduction according to ref. [32] .
In conclusion, atrazine and/or paraquat resist ance was concomitant with diminishing o f changes in the am ounts of PG, A3-/ra«5-hexadecanoic acid and LHCP0 under paraquat treatm ent. Decrease in the overall photosynthetic activity and in the light-gathering process o f PS II were also dimin ished. However, further work is necessary to de cide which molecular organizational differences are the consequences of paraquat resistance alone and/or which ones reflect a more general pattern of herbicide resistance. 
